Abstract. Eighty crossbred pigs of a composite genotype were allocated at 80 kg liveweight to a 2 × 5 factorial experiment involving 2 sexes (boars and gilts) and 5 levels of dietary energy intake ranging from about 55% estimated ad libitum up to 100% ad libitum intake. The diet was formulated to be protein-adequate and contained 14.4 MJ DE/kg and 0.55 g available lysine/MJ DE and the pigs were slaughtered at approximately 120 kg liveweight. Growth rate and food conversion efficiency increased linearly, in response to increasing digestible energy (DE) intake, with boars consistently out-performing gilts at each level of DE intake. Protein deposition rate in the whole empty body of pigs was consistently higher in boars than in gilts and linearly related to DE intake in both sexes, with no evidence of a plateau at high energy intakes, suggesting no intrinsic limit to protein deposition in these pigs up to 120 kg liveweight. When pigs were offered the protein-adequate diet ad libitum between 80 and 120 kg liveweight, boars and gilts consumed 47.7 and 40.9 MJ DE/day, respectively, and protein deposition rates in the whole empty body of pigs reached 247 and 182 g/day, respectively. Maintenance energy requirements were estimated to be 351 kJ DE/kg 0.75 .day for both boars and gilts [maximal model; including nominal DE level (treated as a 5-level factor), actual DE intake (treated as a continuous variable), and sex (treated as a 2-level factor)] or 506 and 566 kJ DE/kg 0.75 .day for boars and gilts, respectively [reduced model; including actual DE intake (treated as a continuous variable) and sex (treated as a 2-level factor)]. Statistical analyses show that the maximal model reflects the data more closely than the minimal model, suggesting that the lower maintenance estimate of 351 kJ DE/kg 0.75 .day could reflect reality better. In conclusion, genetically improved boars, and to a lesser extent gilts, have a high capacity for lean growth, and their upper limit to protein retention might not be reached below about 120 kg liveweight.
Introduction
Commercial pig producers should consider increasing pig slaughter weights so as to lower unit costs during both production and processing stages. However, extensive examination of the nutrient requirements of pigs has been restricted to the growing period up to about 90 kg liveweight. Historical data suggest that in finisher pigs (55-90 kg liveweight) a plateau in protein deposition was achieved in all sex classes at an intake of around 35 MJ digestible energy (DE)/day (Campbell et al. 1985; Campbell and Taverner 1988) . Studies conducted with genetically improved pigs suggest that the plateau occurs at higher feed intakes, or in the case of elite boars, perhaps not at all (Rao and McCracken 1992; Dunshea et al. 1998) . However, there is little quantitative information on the response of improved pigs to feed intake beyond 90 kg liveweight. Such information, however, is crucial for devising feeding strategies to maximise feed efficiency and prevent excessive fat deposition in pigs slaughtered at body weights in excess of 100 kg.
There are well-established differences in growth performance between boars and gilts (Whittemore et al. 1988; Campbell et al. 1989 Campbell et al. , 1990 Dunshea et al. 1993a Dunshea et al. , 1998 Dunshea et al. , 2001 King et al. 2000) . Boars deposit more protein and generally less fat than either barrows or gilts. Also, the maximal rates of protein deposition and the liveweight at which it occurs differ between the sexes (Whittemore et al. 1988; Suster et al. 2001) . Another important observation is that the slope of the relationship between energy intake and protein deposition is steeper for boars than for gilts or barrows (Campbell et al. 1985; Campbell and Taverner 1988; Dunshea et al. 1998) . Therefore, the aim of this study was to determine the responses of boars and gilts between 80 and 120 kg liveweight to dietary energy intake.
Materials and methods

Animals and treatments
All procedures involving animals were approved by the Victorian Institute of Animal Science Animal Ethics Committee. Forty-five boar and 45 gilt crossbred (Large White × Landrace) pigs of a composite genotype were used in this experiment and all the pigs were offered ad libitum common diets up until 80 kg liveweight. Five pigs of each sex were randomly selected and slaughtered when they weighed 80 kg liveweight to provide representative information on initial body composition. The remaining 80 pigs were randomly allocated within sex when they weighed 80 kg liveweight to a 2 × 5 factorial experiment involving 2 sexes and 5 levels of feed intake ranging from about 55% up to 100% ad libitum intake. These levels of feeding were based upon feeding scales that increased according to liveweight and were expected to provide approximately 22.5, 26.5, 30.5, and 34.5 MJ DE/day and ad libitum intake between 80 and 120 kg liveweight. The feeding levels were adjusted weekly depending upon liveweight and it was anticipated that within each feeding level there would be a tight range in DE intakes. However, this was not always achieved as there was some variation in growth rates that in turn opened up variations in DE intake. The diet (Table 1) offered to all pigs was formulated to contain 14.4 MJ DE/kg and 0.55 g available lysine/MJ DE, which was in excess of that required to promote maximum rates of protein deposition for pigs between 80 and 120 kg liveweight (King et al. 2000) . Under these conditions of dietary protein adequacy, the effect of feeding level was synonymous with an effect of dietary energy intake. The available lysine content of the diets was calculated from estimates of lysine availability provided by Standing Committee on Agriculture A Provided the following nutrients (mg/kg air dry diet): retinol, 6.4; cholecalciferol, 0.083; menadione, 0.6; riboflavin, 3.3; α-tocopherol, 20; nicotinic acid, 16.5; pantothenic acid, 5.5; pyridoxine, 1.1; choline, 1100; cyanocobalamin, 0.07; biotin, 0.56; folic acid, 1.0; Fe, 88; Zn, 55; Mn, 22; Cu, 6.6; Co, 0.5; I, 0.22 ; Se, 0.1. B Determined in digestibility studies involving boars of about 60 kg liveweight. C Calculated for each diet from analyses determined for each ingredient.
(1987) for the individual ingredients in each diet. The ratios of other essential amino acids to lysine were in excess of the ratios suggested by Standing Committee on Agriculture (1987) , and the respective minimum ratios were methionine, 30%; methionine + cystine, 65%; threonine, 70%; tryptophan, 22%; isoleucine, 69%; leucine, 136%; valine, 89%; phenylalanine + tyrosine, 147%; and histidine, 46%.
Management and measurements
Pigs were housed in individual pens in an insulated building. Pigs were weighed each week before their single morning meal and the daily feed allowance for each pig was adjusted accordingly for the following week.
As pigs approached 120 kg liveweight, they were weighed every second day and were slaughtered after a 24-h fast after they reached a liveweight of at least 118.5 kg. Immediately after slaughter at a commercial abattoir, the viscera were removed together with the head and trotters of each carcass. The contents of the gastrointestinal tract were discarded and individual organs were weighed and all the viscera were then bulked for each pig and stored at -20 • C. The blood, head, and trotters of each carcass could not be collected and segregated for each carcass at the commercial abattoir, and estimations were made on the weight and composition of these parts of the carcass. The fat thickness over the muscle at the P 2 position (65 mm from the midline) was measured at the level of the last rib by the Hennessy Grading probe. Gilts were also assessed to determine whether they had ovulated by determining whether there were any corpora lutea on the ovaries.
The carcass was split longitudinally and after being hung overnight at 4
• C, linear fat measurements were made along the midline over the shoulder, at the level of the last rib and over the rump. The right half of each carcass was cut transversely at the level of the last rib, and eye muscle area was measured. A sample of loin muscle measuring approximately 2 cm in diameter and 3 cm in length was taken for drip loss. This muscle core was weighed, suspended inside an inflated and closed plastic bag, and allowed to hang for 48 h at 2
• C before being reweighed. Drip loss was determined by the difference in weight. Meat colour was measured at the transverse cut at the level of the last rib. The Minolta Chroma-Metre CR 2006 was used to record colour as L*, a*, and b* values. Additional samples of loin muscle were taken, and frozen and stored at -20
• C before subsequent analysis for tenderness (∼100 g) and intramuscular fat content (∼60 g). The fat content of loin muscle was determined by Soxhlet fat extraction (Association of Official Analytical Chemists 1984) . In addition the methods of Bouton et al. (1971) were used to determine the weight loss of the loin muscle during cooking, and tenderness was measured by Warner-Bratzler Shear force. Two samples (∼100 g) of belly fat were taken and stored at -20
• C before subsequent analysis for androstenone and skatole. Androstenone and skatole levels in the fat samples were determined by HPLC as described by Hansen-Moller (1994) . The remaining half carcass was frozen at -20
• C. The frozen carcass and viscera were ground separately and analysed for dry matter, ash, and protein content by the methods of Campbell et al. (1985) . Dry matter was determined in triplicate in a force-draft oven at 85
• C. The samples were then freeze-dried and ash content was determined in a muffle furnace at 600
• C. Protein was determined by Kjeldahl analysis (Association of Official Analytical Chemists 1984) and fat content was calculated by difference (Dunshea et al. 1993b) . The final composition of the carcass (less head and trotters) was adjusted for the amount of lean and fat tissue removed for drip loss, tenderness, and intramuscular fat analysis and androstenone and skatole analysis, respectively. In the calculation to determine the composition of the whole empty body, the weight of the head and trotters was assumed to be 8.63% of liveweight (Klindt et al. 1995) and comprised 171 g CP/kg, 141 g fat/kg, 628 g water/kg, and 60 g ash/kg (R. H. King, unpublished data) . The amount of blood lost from the pig at slaughter was assumed to be 7% of liveweight (R. H. King, unpublished data) and consisted of 164 g CP/kg, 6 g fat/kg, 823 g water/kg, and 7 g ash/kg (McDonald et al. 1966 ). The energy content of the whole empty body was estimated by assuming that the energetic values of chemical protein and fat in the body were 23.6 and 39.3 MJ/kg, respectively. Tissue deposition rates for individual pigs were calculated by subtracting the average initial body composition of the respective sex, adjusted to the starting liveweight of each individual pig, from the body composition of that pig at slaughter.
Statistical analysis
Data were subjected to analysis of variance with the main effects being sex (boar v. gilt) and dietary energy intake. The responses to dietary energy intake were tested for linear and quadratic effects of DE intake using the nominal feed intake levels (22.5, 26.5, 30.5, and 34.5 MJ DE/day and ad libitum) . For the purposes of these analyses the value used for the ad libitum intake level was the average ad libitum DE intake of both sexes (44.3 MJ DE/day). Some of the important production traits were also subjected to regression analyses with the maximal model including nominal DE level (treated as a 5-level factor), actual DE intake (treated as a continuous variable), and sex (treated as a 2-level factor). Examination of a series of models, using variance tests, indicated that a maximal model having additivity of these 3 effects best described the data and also that there was no need to include a quadratic term for actual DE intake. In some cases the effect of sex could be deleted for some nominal DE levels. In addition, for comparisons with previous data, some variables were fitted to a reduced model that included actual DE intake (treated as a continuous variable) and sex (treated as a 2-level factor). All R 2 s are adjusted for degrees of freedom. All statistical analyses were conducted using the GENSTAT program (Version 5, release 3.1, Lawes Agricultural Trust, Rothamstead, UK).
Results
Initial composition
The initial 5 boars and 5 gilts were slaughtered at 79.8 and 80.0 kg liveweight and the resultant carcasses were 51.6 and 54.2 kg, respectively. The carcass composition of the A Ad libitum feed intakes were 47.7 and 40.9 MJ DE/day for boars and gilts, respectively. For the analyses an average value of 44.3 MJ DE/day was used. B Standard error of the difference for interactive effect of sex and energy intake. C Linear, linear effect of energy intake; quadratic, quadratic effect of energy intake; n.s., not significant at P = 0.05. initial slaughter groups was 180.0 and 163.5 g CP/kg, 162.2 and 236.0 g fat/kg, 627.0 and 569.9 g water/kg, and 30.8 and 30.6 g ash/kg for boars and gilts, respectively.
Animal performance and visceral weights
Ad libitum feed intake of boars was greater than that of gilts (47.7 v. 40.9 MJ DE/day, P < 0.001, Table 2 ). Rate of gain was linearly related to DE intake (Table 2, Fig. 1 ) and was higher in boars than in gilts. For a given DE intake, boars grew 89 (s.e. = 20.4) g/day faster than gilts ( Fig. 1 , P < 0.001). This difference, combined with the greater ad libitum intake of boars, meant that the maximum rate of gain was considerably greater in boars than in gilts (1376 v. 1040 g/day, P < 0.001, Table 2 ). Indeed, at the upper end of the range of ad libitum DE intakes encountered in the present study (56.5 v. 50.0 MJ DE/day) the maximum predicted daily gains were 1570 and 1240 g/day for boars and gilts, respectively. Feed : gain declined with increasing DE level (Table 2, Fig. 2 ), although within a DE level there was no significant effect of DE intake on feed : gain (Fig. 2) . In essence this was primarily because across the wide range of ad libitum feed intakes, feed : gain was relatively constant. For a given DE intake, boars had a 0.377 (s.e. = 0.0949) lower feed : gain than gilts ( Fig. 2 , P < 0.001). Dressing percentage increased with DE level and was generally lower in boars than in gilts (774 v. 785 g/kg, P < 0.05, Table 2 ). The weights of both the liver and empty gastrointestinal tract increased with DE level, and boars had larger livers than gilts (2.07 v. 1.95 kg, P < 0.01, Table 2 ). There was no effect of DE level on heart and lung weights, whereas boars had larger (Table 2) .
Carcass traits and composition
Back fat depth at P2 increased with DE level but was lower in boars than in gilts (12.3 v. 13.3 mm, P < 0.05, Table 3 ). Other back fat measures obtained along the midline also increased with DE level and were lower in boars than in gilts (all P < 0.06, Table 3 ). Carcass protein content decreased with increasing dietary DE and was higher for boars than for gilts (189 v. 180 g/kg, P < 0.001, Table 3 ). Conversely, carcass fat increased with dietary DE level and was lower for boars than for gilts (176 v. 227 g/kg, P < 0.001, Table 3 ). Carcass water content decreased with increasing dietary DE and was higher for boars than for gilts (603 v. 563 g/kg, P < 0.001, Table 3 ). Carcass ash content composition decreased with Table 3 ). Carcass energy content increased with DE level but was not different between the sexes (5.16 v. 5.13 MJ/kg, P = 0.45, Table 3 ).
Empty body tissue deposition
Empty body protein deposition was related to DE intake in a linear fashion (Table 4 , Fig. 3 ) and was higher in boars than in gilts. For a given DE intake, boars deposited 33.0 (s.e. = 5.13) g/day more protein than gilts (Fig. 3 , P < 0.001). This difference combined with a greater ad libitum intake for entire boars than gilts meant that the maximum empty body protein deposition rate was considerably higher in boars than in gilts (247 v. 182 g/day, P < 0.001, Table 4 , Fig. 3) . Indeed, at the upper end of the range of ad libitum DE intakes observed in the present study, the maximum predicted rates of protein deposition were 272 and 217 g/day for boars and gilts, respectively. There was no evidence of a quadratic relationship, indicating that the intrinsic limit to protein deposition in these animals had not been reached within the range of DE intakes encountered in this study (Fig. 3) .
Empty body fat deposition was linearly related to DE intake (Table 4) but was not different between boars and gilts except at the ad libitum DE intakes (Fig. 4) . In pigs fed ad libitum, boars deposited 118 g/day more fat than gilts consuming the same amount of energy (Fig. 4) . Empty body water and ash deposition were linearly related to DE level and were greater (P < 0.001) in boars than in gilts. Empty body energy deposition was linearly related to DE intake (Table 4 ) but was not different between boars and gilts except at the ad libitum DE intakes (Fig. 5) . In pigs fed ad libitum, boars deposited 5.65 MJ/day more energy than gilts consuming the same amount of energy (Fig. 5 ).
Meat quality and odour compounds
Energy intake had no effect on meat colour, tenderness, drip loss, or skatole concentration in belly fat (Table 5 ). However, cooking loss and intramuscular fat content increased with DE level. The only effects of sex on meat quality attributes were that belly fat from boars had higher skatole concentrations (0.94 v. 0.21 µg/g, P < 0.001) and meat from boars had a lower a* value (7.2 v. 8.3, P < 0.01) than gilts, indicating that it was 'pinker' or 'paler'. In addition, the loin muscle from boars tended to have less intramuscular fat than that from gilts (23.3 v. 31.3 g/kg, P < 0.07).
The mean level of androstenone in the belly fat of boars was 1.04 (s.e. = 0.11) µg/g and was unaffected by DE level. Twenty-three boars had levels of androstenone in excess of the threshold level of 0.50 µg/g, whereas only 2/40 pigs had skatole levels above the threshold level of 0.25 µg/g . The boars that had belly fat skatole concentrations above the threshold also had androstenone concentrations over the threshold. There was no detectable androstenone in the belly fat from gilts. The proportion of Dietary energy intake (MJ DE/day) Empty body protein deposition (g/day) Fig. 3 . Relationship between empty body protein deposition and actual energy intake in gilts (solid lines) and boars (dotted lines) fed 4 nominal levels of feed intake (22.5, 26.5, 30.5, and 34.5 MJ DE/day) and ad libitum. The regression equation is y = a i + 3.36 (s.e. 0.720) × DEI, where y is rate of gain, DEI is actual energy intake, and a i is the constant for each combination of nominal energy intake and sex. For gilts fed a nominal energy intake of 22.5, 26.5, 30.5, and 34. gilts that had ovulated prior to slaughter was 0.36 and was unaffected by DE intake.
Discussion
Growth rate and protein deposition increased linearly in response to increasing energy intake, with boars consistently outperforming gilts at each level of energy intake. These responses are consistent with a linear relationship between protein deposition and energy intake that was observed for both boars and gilts, which in turn suggests that there is no intrinsic limit to protein deposition up to 120 g liveweight in this particular genotype. This response is more typical of Dietary energy intake (MJ DE/day) Empty body energy deposition (MJ/day) Fig. 5 . Relationship between empty body energy deposition and actual energy intake in gilts and boars fed 4 nominal levels of feed intake (22.5, 26.5, 30.5, and 34.5 MJ DE/day) (dashed lines) and ad libitum-fed gilts (solid line) and boars (dotted line). The regression equation is y = a i + 0.2699 (s.e. 0.0653) × DEI, where y is rate of gain, DEI is actual energy intake, and a i is the constant for each combination of nominal energy intake and sex. For both boars and gilts fed a nominal energy intake of 22.5, 26.5, 30.5, and 34.5 younger pigs (Close et al. 1979; Campbell and Dunkin 1983) , which have a high potential for protein growth relative to appetite. Linear-plateau relationships, which indicate a maximum protein deposition being reached at high energy intake levels, have generally been reported for older pigs (Campbell et al. 1985) , castrates, and pigs of poorer genotypes (Campbell and Taverner 1988) . However, in pigs with high genetic capabilities for lean growth, the pig's upper limit to protein deposition cannot be reached below 80-90 kg body weight, particularly in boars (Campbell and Taverner 1988; Rao and McCracken 1992; Bikker 1994; Dunshea et al. 1998) . Furthermore, work with new genotypes selected for fast lean growth has shown relatively high values for potential rates of protein deposition, especially compared with genotypes used 15-20 years or more ago. de Greef et al. (1994) observed protein deposition rate values as high as 250 g/day occurring between 85 and 105 kg liveweight, whereas van Lunen and A Ad libitum feed intakes were 47.7 and 40.9 MJ DE/day for boars and gilts, respectively. For the analyses an average value of 44.3 MJ DE/day was used. B Measured at the last rib 65 mm from the midline. C Standard error of the difference for interactive effect of sex and energy intake. D Linear, linear effect of energy intake; quadratic, quadratic effect of energy intake; n.s., not significant at P = 0.05. Cole (1998) found that the maximum protein deposition rates for boars and gilts were 236 and 176 g/day, respectively. Average protein deposition rates in the empty body of boars and gilts fed protein-adequate diets ad libitum between 80 and 120 kg liveweight in our experiment were of similar magnitude. It is clear that potential protein deposition rate has increased with genetic selection and that the genotype used in this study has similar protein deposition rate potential to other fast-growing genotypes reported recently in the literature. These data suggest that the intensive genetic selection of the pigs has raised their genetic ceiling for protein deposition to heavier body weights and beyond the upper limit of appetite, which for boars, was considerable. However, under commercial conditions, maximum potential feed intake is very rarely reached, particularly in boars, because stocking density and social behaviours can reduce the amount of time spent feeding and consequently feed intake (Cronin et al. 2003) . In a recent study involving 16 commercial farms across Australasia, average feed intake of finisher boars and gilts was 2.6 kg/day (c. 35 MJ DE/day) (Dunshea and Trainor 2003) .
The slope of the response relationship between energy intake and protein deposition quantifies the additional amount of protein that is deposited from each additional unit of DE. Mohn and de Lange (1998) summarised the results of a selected number of experiments in which the slope of the relationship between protein deposition in the empty body and energy intake had been calculated. The slope of protein deposition per MJ of DE intake ranged from 2.8 to 11.5 and was significantly affected by liveweight range, sex, and genotype; the slope tended to be lower for heavier pigs, barrows, or gilts and poor genotypes. Bikker (1994) found that protein deposition responded linearly to an increase in daily energy intake from 75 to 172 g/day with a slope of 5.77 g/MJ DE. A similar response in protein gain to energy intake was reported by Rao and McCracken (1992) for genetically improved boars between 40 and 90 kg. Campbell and Taverner (1988) found that the slope of the relationship between protein deposition and energy intake was 5.31, 4.37, and 2.89 for improved boars, standard boars, and standard barrows, respectively. Dunshea et al. (1998) found that the slopes of the relationship between protein deposition and DE intake were 4.27 and 3.64 for boars and gilts, respectively. In the present study, the maximal (2-factor) model used for regression analyses (constant + nominal DE level + actual DE intake + sex) resulted in a common slope (3.36 g/MJ DE) but with incremental changes with each level of nominal DE intake and between boars and gilts (Fig. 3) . A reduced (single factor) model similar to that used by other authors (constant + actual DE intake + sex) resulted in a common slope of 5.45 g/MJ DE with an additional increment of 28.6 g for boars [y = -a i + 5.45 (s.e. 0.326) * DEI, where a i = -44.7 (s.e. 11.0) and -16.1 (s.e. 11.3) for boars and gilts, respectively, R 2 = 0.814]. The relatively steep slope of the relationship between protein deposition and dietary energy intake in both boars and gilts between 80 and 120 kg liveweight would indicate that the lipid to protein ratio in the body of pigs increases only gradually as dietary energy intake increases to ad libitum levels. These data confirm that the pigs used in this experiment have considerable potential for protein deposition during the period between 80 and 120 kg liveweight, and efforts should be made to ensure high feed intakes during this period to take advantage of this lean growth potential.
Total energy retained increased linearly with increase in DE intake for both sexes. This linear relationship between DE intake and energy retention has often been reported and can be used to calculate the digestible energy requirements for maintenance (Bikker 1994 Quiniou et al. (1995) reported energy requirements for maintenance in boars ranging from 523 to 593 kJ ME/kg 0.75 .day with the lower estimates being for pigs at 94 kg liveweight. Our estimates of the energy requirements for maintenance compare with the value of 458 kJ ME/kg 0.75 .day (477 kJ DE/kg 0.75 .day) reported by Agricultural Research Council (1981) . Statistical analyses show that the maximal model reflects the data more closely than the minimal model suggesting that the lower maintenance estimate of 351 kJ DE/kg 0.75 .day could reflect reality better. Others (including ourselves) have previously used the reduced model to extrapolate to zero energy balance to estimate maintenance requirements and generally obtained higher estimates of maintenance. Intuitively, this would be the case because much of the data used to generate the regression equations are generated in animals that are well fed and with little need to conserve energy. On the other hand, as animals approach maintenance their rate of energy utilisation reduces in an effort to conserve energy (Keesey and Corbett 1990 ). The maximal model used to describe the relationship between DE intake and energy deposition appeared to best describe these adaptations.
It is interesting that the maintenance requirements of boars were either similar to, or lower than, that of gilts in the present study and that of Dunshea et al. (1998) . Campbell and Taverner (1988) reported that the estimate of energy requirements for maintenance was 28% higher in the better genotype and that this was likely associated with the considerably higher lean body mass and a higher protein turnover rate. Thus, intuitively the energy requirement for maintenance may be expected to be greater in boars because of the greater protein mass in their body and their greater visceral mass, which has a very high specific energy requirement (Simon 1989) . However, in the present study, boars and gilts appeared to have a similar efficiency and estimated maintenance requirements. Certainly, boars deposit protein more efficiently than gilts, which may have offset the increased heat production of the higher muscle mass.
Sex of the pig had minimal effect on the meat quality attributes of pigs, except that the exposed eye muscle on carcasses from boars had lower a* values or were paler than that from gilts. Most studies have shown little difference in the muscle quality between boars, barrows, and gilts (Barton-Gade 1987; Dunshea et al. 1993a ). However, Cisneros et al. (1996) found that barrows, which invariably were fatter, had redder muscle with more visible marbling compared with that of gilts. Thus, the differences we observed between boars and gilts in colour and intramuscular fat may be more related to the fat content of the pig than a direct sex effect. Certainly the increases in intramuscular fat content and cooking loss that accompanied the increase in DE intake were associated with increases in carcass backfat and total fat content. The range in intramuscular fat in our experiment was between 15.8 and 47.1 g/kg of loin muscle, which is similar to the range 6.2-66.9 g/kg in loin muscle reported by Ragland et al. (1996) for gilts and barrows at 115 kg liveweight. With the trend in modern pork production leading towards a leaner pork product, there is considerable concern about the possibility of a reduction in intramuscular fat in pork. However, the levels of intramuscular fat observed in our experiment, particularly at high dietary energy intakes, should be compatible with optimum juiciness and cooking properties of pork.
The levels of androstenone and skatole in the belly fat of pigs were unaffected by DE intake. In the present experiment, 57% of boars had levels of androstenone greater than 0.5 µg/g, 5% had levels of skatole greater than 0.25 µg/g, and only 5% of boars had levels of androstenone and skatole in excess of the threshold levels of 0.5 µg/g and 0.25 µg/g, respectively. These levels are comparable with the results of other studies with boars of similar weight. Dunshea et al. (2001) found that for boars ranging up to 140 kg liveweight, approximately 73 and 11% of carcasses had androstenone and skatole levels above the threshold levels of 0.5 µg/g and 0.25 µg/g, respectively, which are similar to the levels we found in fat samples. The incidence of taint compounds in fat can vary quite widely depending upon age, liveweight, genotype, feeding, and housing conditions (Bonneau 1997 ).
Age at slaughter, resulting from the dietary energy intake treatments, had no significant effect on the level of taint compounds in fat. Xue et al. (1996) also observed an absence of age or liveweight influences on tissue levels of tissue steroids. Although the incidence of taint compounds rises with increasing sexual maturity (Hennessy et al. 1997) , age in this experiment was not a good indicator of sexual maturity. This is confirmed by the observation that the proportion of gilts that reached puberty prior to slaughter was unaffected by dietary energy intake and consequently age at slaughter. Although the levels of both androstenone and skatole in fat from entire boars in these experiments were relatively low for their body weight, the incidence of taint compounds in these pigs may limit the subsequent use of meat from these carcasses. However, strategies such as vaccination with a GnRH vaccine may be used to reduce the incidence of these boar taint compounds in heavy pigs McCauley et al. 2003; Oliver et al. 2003) .
Implications
The feed efficiency and carcass fat of boars, and to a lesser extent gilts, were in line with those generally accepted for pigs slaughtered at 90-100 kg, suggesting that modern genotypes can be grown to 120 kg liveweight without compromising efficiency of production or carcass quality. Boars and gilts had high genetic capabilities for lean growth and their upper limit to protein retention could not be reached below about 120 kg liveweight. The pigs used in our experiment are ideally suited for production of heavier carcass in production systems that promote high feed intake. However, entire boars accumulate androstenone and skatole in their fatty tissue and the incidence of these taint compounds, albeit relatively low in our experiment, may limit the subsequent use of meat from the carcass of entire boars slaughtered at 120 kg liveweight.
